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SUMMARY

Methods are presented for constructing chsrts suitable for ad$zsting
to standsrd values ylate test results for the critical compressive stress
and the average stress at maximum load. The methods take into account the
difference between the compressive properties of the material used for the
tests and those upon which the design is to be based. Illustrative charts
sre included for etiruded 24S-4 and ~~”aluminum alloys.

INTRODUCTION

. The results of tests to determine plate compressive strengt~as in
the case of columns, cannot be used directly for design purposes, because
the compressive properties of the material used for the tests ordinarily

● differ from t~ standard ~~ues to w~ch the’tisi~ is to be’made.
Methods are consequently necessary for adjusting plate test results for
differences in compressive properties.

Extensive tests were made recently to evaluate the plate compressive
strength of various aircraft structural materials (see summsry paper,
reference.1) and to show how the compressive strengkh of plates could be
determined from the compressive stress+train curve for the material. The
conclusion was reached that the critical compressive stress for the extrudei
plate assentkl.escould be obtained approximately by the use of the secant
modulus of elasticity. (See also references.2 and 3.) On the basis of
these tests, methods have been devised for adjusting for differences in
material properties plate test results for the critical compressive stress
and the average compressive stress at maximum load.

For convenience in adjusting plate test results, charts providing
* adjustment factors ~e useful”for design purposes. This paper therefore

presents methods for constructing such chsx’tsand includes illustrative
charts for extruded 24ST and 7-T aluminum alloys.

.
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SYMBOIS

Ccr calculated elastic critical compressive strain

6te~ compressive strain taken fram compressive stress+rtrain curve
for material tested

%est compressive stress corresponding to ~test

~std compressive stress taken from standariistress+3train curve

‘Crtest
test result for critical compressive stress

ac??std vehe of Ucrteti adjusted to standamivalue

‘Test
test result for average compressive stress at maximum load

—

‘~std
value of -

%est
adjusted to standard value

acy compressive yield stress (0.2 percent offset)

“ytest
compressive yield stress taken frmu stress-train curve for

material tested [0.2 percent offset) ,

‘Cystd com essive yield stress taken from standard stress-train curve
r0.2 percent offset) 4

%; adjustment factor by which ~crtest is to be multiplied to obtain

acrfid ——

adjustmerrtfactor hy which G-teat is to be multiplied to

obtain ~~td

constant —

CmAR1’s

Charts for adjusting to standar’dvalues plate test results for the .

critical compressive stress and the average stress at madmm load are shown
in f@ures 1 to 3 for extruded 24S4 and793-JZ aluminumalloyB. M the
following sections, the principles upon which the chsrts ere based are”

.

presented and the accuracy emi range of application} of the charts =e briefly
discussed. I

1
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Charts for the critical conmresslve stress.- The results of the tests
‘ of the &, %, and C(channel)-section plate assemblies for etiruded aluminum

s and magnesium alloys showed that the basic relationship between the test
results for the critical compressive stress ‘Crtest and the calculated

elastic critical compressive strain Gcr is given approximately by the

secant modulus of elasticity taken from the compressive stress+train curve
for the material (see reference 1). Eence for a given value of <cr,

the adjustment factor ~r by which acrtest is to he multiplied in order .

to obtain the standard value crcrstd is determined by the ratio of the

compressive stress ~atd taken from the standard stress-strain curve to

the compressive stress crtest taken from the stress-strain curve for the

material tested. ,Thus,

aCrstd ‘%ucrtest

where

(1)

~std
Kcr=— ‘test

When values of ~crteat -d Ccr and the stress+train curve for the

material tested and that for the standard design are given, values of
Ucrstd q be readily determined from equation (l). Such a procedure,

however, is not as convenient as the use of adjustment charts of the
nondimensional form given in the ANC-5 bulletin (reference 4) in which only-

.

dthe ratios acytea Ucyatd and u
Crtesd CCytest are required. Methods

for constructing such chsrts, based upon equation (l), are therefore included
and, because of the detail involved, are given in the appendix.

The accuracy of the charts depends first upon whether the buckling
stress-strain curve (aC3?test plotted against Gcr) and the compressive

stress-train curve for the material are affinely related and second upon
,whether the families of compressive stress+train curves for a given material
are themselves affinely related. For the first condition, the curves are
affinely related if one curve can be obtained from another by the trans-
formation. acrtest . Cutest and ccr = C~test, where C is a constant

‘d ‘test is the strain corresponding to atest from the-compressive

stress+train curve for the material tested. Reference 1 showed that the
secant+zoduhs relationship is an approximate one which varies somewhat
for different materials and types of plate assemblies. The test results
(reference 1) together with Unpublished data, however, indicate that an
sffine relationship between’buclCLingstress+train curves and compressive
stress-strain curves may be expected for a given material and type of
plate assembly. Consequently, the value of C is approximately a constant
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for a given material and type of plate. With regsrd to the second condition - ‘
whether dress-strain curves for a given material sre affinely related -
observation has shown that such a relationship often actually holds to a
good degree of approximation (see reference 5). If affine relationships hold ‘
for both conditions, equation (1) is valid and the charts will provide an

—

accurate method for adjusting aute~t. Furthermore, if both these conditions
are met,the method is general and may be applied to other than extruded
materials and H-, 2-, and C-sections.

The marked differences between the chaits for extruded 2@4T and
~>T ~~numalloys (see figs, 1 and 2) emphasize the fact tmt a c=
suitable for one material cannot generally be used for another.

Chsrts for the average stress at maximum load.- For stresses greater
than three-fourths the compressive yield stress UC=, adjustment”cherts such
as shown in figures 1 and 2 for ucrtest can also be used to ad@t

test results for the average stress at maxirkm load G%8t, because

—

.

‘~est is approximately equal to ‘Crtest in this high+tress region

(see reference 1). The same principles and methods for constructing
adjustment charts for acrtest~ consequentlylapply to correction charts for

‘~~est” This ~thod of adjusting &xte8t can be said to be about as

general with re~d to application to different materials and types f plates
as Is the method when used to adjust Ucrtest. For stresses below

? fJcy>

however, this method is no longer valid because values of =qest become

much greater t~ ucrte~t as Ucrtest is reduced (see reference 1).

A method for approximately ad~usting ‘~est over the entire stress
#

range was obtained fr& an analysis of the data of reference 1 fromwhich
the following empirical relationship was found , —

L

(2)

where

r‘Cystd
%naX =

“Ytest

.

An adjustment chart based upon equation (2) is shown in figure 3. This.
chsrt evidently can be applied to H+, 2-, and C-section plate assehibliesof
extruded 24-ST, 75S4, and R303-T aluminum alloys. Application of the
chart to the test results for extruded ZK60A magnesium alloy in the high-
stress region (reference 1), however, did not give satisfactory results, and’

s-
‘-.

.
..
-“.!

..”

.
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@ there is no reason to
which it is based are

% assemblies other than
stresses greater than

applies to F
West’

,

.

r

4,
. .

..’
.

.
-1---

believe that this method and the relationship upon
necessarily suitable for materials or t~s of plate
t ose previously mentioned. As a matter of fact, for
3
~ ‘W where the method for ad@ting ucrteat also

& is a function of acrtea#cyteat as well as

Uwfjijducyteat (see equation (2)) so that a single adjustment curve (see

fig. 3) is not theoretically adequate for accurately adjusting ~-teat in

the hig&stress region.

VEFUE’ICJY!ZOI?OF CHARTS
t

In order to provide a verification of the charts for adjusting plate
compressive strengths, values of uCrteBt W a~est from reference 1

for Wection plate asse~lies ere ad@ted and comparedwith similar test
data having different values of acy. Because the principles of the ~thods

apply equally well to B+ %, and C+ection plate assemblies, only I&sections
are dealt with. Values of aCY that apply in each case take into account

the variation of ucy over the cross section of the ~ections and were

obtained by calculating a weighted average of the values of Ucy for the

flange and web based upon the areas of these elements (see reference 1).

The critical compressive stress.- In figure 4, values of. ucrtest for

extruded 2-T alumin~oy E+ections (ucy = 46.8 ksi, reference 1)

were adjusted by means of the chart (fig. 1) for comparison with similar
unpublished test resu2ts for which acy = kO.O ksi. Good agreement is

indicated between ad~usted and comparative test results for the extruded
24ST aluminunwalloy I&sections.

IQ the absence of test data on two sets of 75S4T aluminm+alloy
&sections of widely different properties, values of Ccrtiat from reference 1

for extruded 7>T aluminum alloy (acy = 78.1 ksi) were adjusted for

comparison with similar test results for R303T alumimnu alloy for which
Uq = 71.8 ksi. (See fig. k.) The less satisfactory agreqsnt in this case

is believed to result primarily because the correlation of the test results
with the compressive stress+train curves was not quite the same for the two
materials (see reference 1). This lack of agreement again emphasizes the
point that the same chart cemnot ordinarily be used indiscriminately for
di.ffe-rentmaterials if accuracy is desired.

Yhe averaae stres8 at DlaXm loql.– In figure 5, values of ‘-eat
from reference 1 for erkz’uded75WT and 24S4 elumin~l.loy &sections are
adjusted by means of the chart (fig. 3) for comperisonjrespectivel.y’with
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sti&r data for extruded R30>T (from reference 1) and 2-T (unpublished k

data) aluminum alloys. The fairly good agre~nt in each case between the
ad@ted and comparative values of

‘West
for the H+ections Indicates J

that the chart (fig. 3) can apparently be applied to a number of etiruded
aluminum soys. This conclusion, however, is in some respects misleading. ‘-

—

As previously mentioned, a single curve (fig. 3) cannot be expected to
provide an accurate ad@stment for ‘Wed for stresses greater than

+cy’ The ursrpectedly good agreement between comparative results for._ ._..

‘West for extruded 7>T and R3034 aluminum alloys (fig. 5) is not

consistent either with this analysis or tith the less favorable agreement
for the comparative results for Ucrtest (see fig. 4). Likewise, the

—

relatively poor agreement betweeu comparative results for ‘~test for

extruded 24S4? aluminum alloy (fig, 5) does not correspond to the very good
agreement for comparative results for

‘Crtest
for these materials (see —

—

fig. 4). These contrasting results therefore indicate that the use of an
adjustment chart for

‘West’
employi~ a single curve and single

—

parameter such as shown in figure 3, does not basically provide an accurate
method for adjusting ~qest. The method may suffice> however, as a rough,

convenient way for adjusting ‘West
for mm materials and types of —

plate assemblies. —-

Langley Memorial Aeronautical Laborato&
National Advisory Comittee for Aeronautics

Langley Field, Vs., February 3, 1948
.
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CONSTRWTION OF CHARTS FOR -TIZ’K4 TEST RESULTS FOR

THE CRITICAL COMTRESSIVZ STRESS

The charts for adJusting test results for the critical compressive
stress ‘crtest for clifferences ftimaterial.properties have the same convenient

fozm as that given in the MC+ bulletin (reference 4). Details of the
Proceduze for constructing the charts

1. Select a value of Uc=std in

In order to illustrate the procedure,

e2e outlined as fo~ms:

accordance with the design specifications.

‘vat&
= 41 hi is chosen for extruded

24S4 aluminum alloy (“basis B,” table >5 of reference k). The use Of
cha?t, however, is not restricted to this particular value of acystda

2. Construct a compressive stres-train curve having the selected
value of ~cystd from a representative coqressive stress-strain curve

the

for

tbs material, assuming the two curves to be affinely related. (See fig. 6.)

3. Construct a family of compressive strsss+train curves by like
methods for assumed ratios of acytes

d ‘CYSM of O.go, 0.95, 1.00, . . .

1.2o, and 1.25. (See fig. 6.)
,

k. The determination of the adjustment factor Kcr for given values of
ar
c tesd “%Ytest - acYtesJ a~std

is illustrated.%y the following example:
.

“ytest
CcrteEt . ~ ~ -n

—= . . s1.25 ~ acytest(a} Assume -t acy~td

acYtest = 1.25 x 41 = 51.3 hi (point A, fig. 6), and

‘Crtest
= O.go x 51.3 = 46.2 kei (point B, fig. 6).

(b) Establish point C (39.7 ksi, fig. 6) on the standerd curve
directly below point B. The adjustment factor is then (see equation (l))

Ustd
Kcr =

39.7
~ =—= 0.860 (point D, fig. 1).

46.2
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